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(54) Method and apparatus for determining the starting position and the power of a scanning 
light beam to be used in writing on a media 



(57) A method and apparatus for determining a line 
start writing position of a scanning light beam in a scan- 
ning light beam writing system. A first detector and a 
second detector are positioned in the scan path of the 
scanning light beam for detection of the scanning light 
beam. The information obtained from the detector is 
used to determine the line start for commencing writing 
on a media and for monitoring and controlling the power 
level of the scanning light beam. 
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Description 

[0001] The present invention is directed to an appa- 
ratus, which uses a scanning light beam, such as a 
laser light beam, for writing onto a media. 5 
[0002] In devices for writing onto media using a 
scanning light beam it is important to know when to turn 
on and start writing with the scanning light beam. In a 
typical prior art scanning writing apparatus, a laser light 
beam or other illuminated light, is directed to a rotating w 
polygon having a plurality of mirror facets which direct 
the light beam onto a media. Each facet is used to write 
a successive line of data. These type of systems have 
the disadvantage of relying on ill-defined specifications 
for rotating stability of the polygon. Additionally, accu- 15 
mulative error in timing from the first facet to the last 
facet may occur. Thus, there is a need to provide appro- 
priate timing for line start for each successive facet. 
[0003] It is also important to maintain a predeter- 
mined intensity level of the writing beam. As is typical 20 
with writing beams, such as laser beams, over time the 
intensity can vary, which can affect the overall quality of 
the writing apparatus. Most systems monitor light 
beams in the static mode, that is, before scanning. Mon- 
itoring may be done right at the output of the laser, or 25 
after the acoustic optical modulator (AOM) or attenua- 
tor. A hand-held light meter can periodically be inserted 
into the beam for measuring of the intensity. The prob- 
lem is that measuring the intensity at these positions 
does not actually reflect the amount of light that will be 30 
hitting the media plane, which may result in erroneous 
measurements. The intensity of the beam should be 
measured as close to the writing plane as possible in 
order to account for all possible attenuation. Another 
prior art method used to monitor the intensity is to scan 35 
and print an image onto photosensitive material media, 
for example, photographic paper, then develop the 
paper and then measure the results of the developed 
paper with a densitometer. This is a tedious and time- 
consuming process. 40 
[0004] The present invention provides a method for 
accurately determining a line start for each facet and 
also provides a method of measuring the light beam 
amplitude automatically and as close to the focal plane 
of the media as possible. 45 
[0005] The present invention is directed to over- 
coming one or more of the problems set forth above. 
Briefly summarized according to one aspect of the 
present invention, there is provided a method of deter- 
mining a line start writing position of a scanning light so 
beam in a scanning light beam writing system, the writ- 
ing system having a scanning light beam which projects 
along a scan path on a writing plane from a start posi- 
tion to an end position, a first detector and a second 
detector positioned in the scan path for detection of the 55 
scanning light beam as it is scanned along the scan 
path for detection of the light beam, the second detector 
being spaced a predetermined distance from the first 



detector at a point after the scanning light beam passes 
the first detector, the method comprising the steps of: 

moving the scanning light beam at a known velocity 
along the scan path from the start position to the 
end position; 

monitoring a first output parameter of the first 
detector produced by the scanning light beam 
passing over the first detector; 
monitoring a second output parameter of the sec- 
ond detector produced by scanning light beam 
passing over the second detector; 
noting a reference point when the parameter meas- 
ured by the first and second detectors reach a pre- 
determined relationship; and 
determining the line start position on the scan path 
for start of writing by the scanning light beam based 
on the reference point. 

[0006] In accordance with another aspect of the 
present invention there is provided an apparatus for 
writing onto a media using a scanning light beam, com- 
prising: 

a scanning light beam for projecting a scanning 
path on a writing plane for receiving a photosensi- 
tive media for writing thereon, the scanning path 
having a start position and an end position; 
a first detector positioned in the scan path after the 
start position for detection of the scanning light 
beam; 

a second detector positioned in the scan path at a 
point after the first detector for detection of the light 
beam, the second detector being spaced a prede- 
termined distance from the first detector, the first 
and second detectors producing an output signal in 
response to the scanning light beam passing over 
the first and second detectors; 
means for noting a reference point when a particu- 
lar relationship occurs between the value of the out- 
put signals produced by the first and second 
detectors; and 

means for generating a line start signal in response 
to the reference point and for commencing writing 
with the scanning light beam based on the photo- 
sensitive media. 

[0007] In accordance with yet another aspect of the 
present invention there is provided a method of monitor- 
ing and/or calibrating a writing system, the writing sys- 
tem having a scanning light beam which projects along 
a scan path having a start position and an end position 
on a writing plane, a first detector positioned in the scan 
path for detecting the scanning light beam and a second 
detector positioned after the first detector in the scan- 
ning path for detection of the light beam, the second 
detector being spaced a predetermined distance from 
the first detector, the method comprising the steps of: 
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turning on a scanning light beam and moving the 
scanning light beam at a known velocity along the 
scanning path at a first power level; 
monitoring a first output signal measured by the first 
detector in response to the scanning light beam 5 
passing over the first detector; 
noting a reference position when the first output sig- 
nal reaches a predetermined value and generating 
a pulse signal based on the reference position; 
changing the power level of the scanning beam to a 10 
predetermined second level in response to the ref- 
erence position; 

measuring a second output signal measured by the 
second detector in response to the light beam pass- 
ing over the second detector; and comparing the 15 
second output signal of the scanning light beam 
with respect to a predetermined reference value 
and making an adjustment to the power level of the 
scanning light beam in accordance with the prede- 
termined value. 20 

[0008] In still another aspect of the present inven- 
tion there is provided a scanning light beam writing 
apparatus, comprising: 

25 

a scanning light beam which projects along a scan 
path having a start position and an end position on 
a writing plane; 

a first detector positioned in the scan path produc- 
ing a first output signal in response to the scanning 30 
light beam passing over the first detector; a second 
detector positioned after the first detector in the 
scanning path for producing a second output signal 
in response to the scanning light beam passing 
over the second detector, the second detector 35 
being spaced a predetermined fixed distance from 
the first detector; 

means for monitoring the first output signal pro- 
duced by the first detector as the scanning light 
beam passes over the first detector; 40 
means for noting a reference position when the first 
output signal reaches a predetermined value and 
generating a pulse signal based on the reference 
position; 

means for changing the power level of the scanning 45 
beam to a predetermined second level in response 
to the reference position; 

means for measuring the second output signal pro- 
duced by the second detector when the scanning 
light beam passes over the second detector; so 
means for comparing the value of the second signal 
of the second detector with respect to a predeter- 
mined reference value; and 
means for adjusting the power level of the scanning 
light beam in accordance with the predetermined ss 
value. 

[0009] The above, and other objects, advantages 



145 A2 4 

and novel features of the present invention will become 
more apparent from the accompanying detailed 
description thereof when considered in conjunction with 
the following drawings. 

[0010] In the detailed description of the preferred 
embodiments of the invention presented below, refer- 
ence is made to the accompanying drawings in which: 

Fig. 1 is a schematic view of a writing apparatus 
made in accordance with the present invention; 
Fig. 2 is a diagrammatic representation illustrating 
the sensors used for monitoring the scanning light 
beam for determining line start and respective time 
lines for various signals associated therewith as a 
function of time; and 

Fig. 3 is a diagrammatic representation illustrating 
the detectors used for monitoring the power level of 
the scanning light beam and various signals associ- 
ated therewith as a function of time. 

[0011] The present description will be directed in 
particular to elements forming part of, or in cooperation 
more directly with, the apparatus in accordance with the 
present invention. It is understood that elements not 
specifically shown or described may take various forms 
well known to those skilled in the art. 
[0012] The present description will be directed in 
particular to elements forming part of, or in cooperation 
more directly with, the apparatus in accordance with the 
present invention. It is understood that elements not 
specifically shown or described may take various forms 
well known to those skilled in the art. 
[001 3] Referring to Fig. 1 , there is illustrated a scan- 
ning apparatus 10 made in accordance with the present 
invention. The apparatus 10 includes a light source for 
producing a beam of light for writing onto a media 12. In 
the particular embodiment illustrated, the light source is 
a laser 14, which produces a writing light beam 16, 
which is directed to a rotating polygon 18 having a plu- 
rality of mirror facets 20 for reflecting of the light beam 
onto a writing path 22 having a starting point A and an 
ending point B. As is typical with such scanning appara- 
tuses, an acoustic optical modulator 24 and attenuator 
26 are used to provide digital data for writing of images 
onto the media 12. An f-e lens 28 is provided for prop- 
erly focusing of the beam onto the writing plane 30 over 
which the photosensitive media 12 passes. A controller 
31 having appropriate circuit boards in conjunction with 
a computer 33 is provided for controlling operation of 
apparatus 10 as is customarily done in similar type 
devices. An appropriate mechanism, not shown, is pro- 
vided for moving media 12 past writing path 22 for allow- 
ing the scanning light beam to write successive lines of 
digital image data on media 12 as is customarily done in 
such devices. In the particular embodiment illustrated, 
the photosensitive media 12 is photographic paper. 
However, it is to be understood that the photosensitive 
media 12 may be any other type of media on which the 
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scanning light beam may be used for writing. For exam- 
ple, but not by way of limitation, photographic film, ther- 
mal paper and sharable surface used in electrostatic 
writing 

[0014] As illustrated in Fig. 1, a pair of detectors 
32.34 are provtied *n the writing path 22 of the scanning 
light beam 16 spaced apart a fixed distance D. As can 
be seen, the detectors 32.34 are positioned after point A 
where the lighting beam first starts its scanning, but 
prior to the actual line start position C used for initiating 
writing onto the media 12. In the particular embodiment 
illustrated, the detectors 32,34 each comprise a photo- 
diode, which produce a signal in response to the scan- 
ning light beam 16 passing thereover. Preferably, the 
two detectors 32.34 are provided in the same support- 
ing structure so that the distance D can be precisely 
controlled, which plays an important element in deter- 
mining the line start position C for initiating writing onto 
the photosensitive media 12. In the particular embodi- 
ment illustrated, the photodetectors 32,34 are provided 
in a single SPOT-2DM1 detector, which may be pur- 
chased from UDT Sensors, Inc. However, it is to be 
understood that detectors 32,34 may be of any desired 
construction or manufacture so long as they are capable 
of producing the appropriate signals in response to the 
scanning passing thereover as discussed later herein. 
[0015] Referring to Fig. 2, there is illustrated in dia- 
grammatic fashion detectors 32,34 and how the scan- 
ning light beam 16 passes thereover and the various 
signals produced. As can be seen, the scanning light 
beam 16 starts at point A and travels in the direction 
indicated by arrow 36 across detectors 32,34. The cir- 
cles indicated by T0-T9 represent the position and 
intensity of the beam as it passes detectors 32,34. The 
time line 38 merely represents the timing sequence of 
the scanning beam 16 as it passes detectors 32,34 
along writing path 22. Line 40 indicates the amplitude of 
the light beam as it starts from point A as it progresses 
by the detectors 32,34. Lines 42,44 each represent the 
output voltage of each of detectors 32,34, respectively, 
in relationship to the light beam 16 traveling along writ- 
ing path 22. The two lines 42,44 use the same zero ref- 
erence for the output voltage. As can be seen, the 
voltage output of detector 32 increases from approxi- 
mately T1 to a maximum at point at T2 while the output 
voltage of detector 34 is zero at T2. As the scanning 
light beam 16 passes the first detector 32 at T3, the volt- 
age output of the detector 32 begins to decrease. How- 
ever, at about this point, or shortly thereafter, as 
indicated by line 44, the voltage output of detector 34 
begins to increase in response to the scanning light 
beam 16. At point 46 it can be seen that the two lines 
42,44 cross. This cross-over represents that the output 
voltage of both detectors 32.34 are the same. At point 
45 a line start signal is generated. It is to be understood 
that the determining of when the line signal based on 
the cross-over point 45 is generated can be accom- 
plished in any desired manner In the particular embod- 



iment illustrated, a simple comparator in controller 31 is 
used for comparing the signals of the outputs of detec- 
tors 32,34, thus when the two signals are substantially 
the same, an output signal 49 is produced. This is used 

5 to begin line start at point C. However, as indicated by 
line 40, a short time period after point 46, the power to 
the scanning light beam 16 is turned off and then turned 
back on at point C as determined by a predetermined 
time period T, which has been preselected, which is 

io based on output signal 49. Because the detectors 32,34 
are fixed in relationship to each other, the point 46 at 
which the voltage output signal of the detectors cross 
will be substantially at the same point each time the 
scanning light beam 16 is passed over the detectors. 

75 Thus, there is provided a line signal start which can be 
reliably repeated for use in determining the point for ini- 
tiating lighting of the laser light beam as indicated by 
point C. The laser, at point C, is turned on to the appro- 
priate level and the appropriate digital data is fed 

20 through the AOM 24 for writing on media 12. It is, of 
course, understood that the laser light beam 16 may be 
turned on just prior to the time point C, the time at which 
digital data is provided for modulating of the light beam 
16 and actual writing commences. 

25 [0016] Referring to Fig. 3, there is illustrated a dia- 
grammatic representation similar to Fig. 2, like numerals 
indicating like parts and sequences. Fig. 3 illustrates 
how the intensity of the scanning light beam 62 can be 
monitored and controlled accurately during each scan 

30 and at the writing plane 30 of the media 12. When the 
light beam 16 is detected by detector 32, the output sig- 
nal begins to increase in amplitude as indicated by 
numeral 53. The output signal being directly related to 
the power level of the laser 14, thus the power level of 

35 laser can be readily determined. If the detector was pre- 
viously calibrated to a standard source, the absolute 
power level of the laser could be determined. When the 
output signal passes through a threshold VT, a signal 
LE1 is generated using a comparative circuit provided in 

40 controller 31. Then a control circuit, also provided in 
controller 31 , senses the LE1 signal and the intensity of 
light beam 16 is changed to an amplitude A2 at a time 
delay of Td1 after the circuit senses that threshold VT 
has been reached. A track and hold circuit is provided in 

45 controller 31 for monitoring the voltage of detector 32 
and holding it a certain length of time after a predeter- 
mined time period Td2 after VT. By this time, the ampli- 
tude of the laser 14 has been lowered to amplitude A2. 
An A/D clock in controller 31, using the appropriate 

so clock scheme, takes the voltage as determined by the 
track and hold circuit so as to convert the analog voltage 
to a digital value for later processing. Thus, the ampli- 
tude of the second detector 34 is captured which can be 
compared with the power measurement levels previ- 

55 ously obtained for the scanning light beam 16. and if 
power measurement level has changed, appropriate 
control of the light beam 16 may be adjusted. For exam- 
ple, if over time the measured amplitude of the laser has 
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been reduced, the power to the laser 14 is increased 
appropriately to the desired power level, tf the meas- 
ured power level, as obtained by the output signal of 
sensor 34, is too high, appropriate reduction in power 
level is made. The present invention, however, can auto- 
matically take power measurements during each scan, 
compare it to prescribed limits and appropriate adjust- 
ments may be made. 

[0017] In the preferred embodiment illustrated, the 
output current of the detectors was converted to a volt- 
age and monitored. However, the present invention is 
not so limited. However, if desired, a different output 
parameter of the detectors 32,34 may be monitored, for 
example, but not by way of limitation, the output current 
of the detectors may be monitored directly. Thus, when 
the value of the current for both detectors reach the 
same value the line start signal can be generated as 
previously discussed. 

[001 8] Also, the present invention is not limited with 
respect to the relation that the voltage (or current) of the 
detectors may be the same. For example, but not by 
way of limitation, when the voltage of the second detec- 
tor is one-half of the first voltage, some other relation- 
ship can be used for determining the line start signal. 

Claims 

1 . A method of determining a line start writing position 
of a scanning light beam in a scanning light beam 
writing system, said writing system having a scan- 
ning light beam which projects along a scan path on 
a writing plane from a start position to an end posi- 
tion, a first detector and a second detector posi- 
tioned in said scan path for detection of said 
scanning light beam as it is scanned along said 
scan path for detection of said light beam, said sec- 
ond detector being spaced a predetermined dis- 
tance from said first detector at a point after said 
scanning light beam passes said first detector, the 
method comprising the steps of: 

moving said scanning light beam along said 
scan path from said start position to the end 
position; 

monitoring a first output parameter of said first 
detector produced by said scanning light beam 
passing over said first detector; 
monitoring a second output parameter of said 
second detector produced by said scanning 
light beam passing over said second detector; 
noting a reference point when said parameter 
measured by said first and second detectors 
reach a predetermined relationship; and 
determining the line start position on said scan 
path for start of writing by said scanning light 
beam based on said reference point. 

2. A method according to claim 1 wherein said first 



and second parameters comprises the current 
measured by said first and second detectors. 

3. A method according to claim 1 wherein said first 
5 and second parameters comprises the voltage 

measured by said first and second detectors. 

4. A method according to claim 1 wherein said prede- 
termined relationship comprises the point at which 

io said first and second measured parameters are 
substantially the same. 

5. A method according to claim 4 wherein a line of dig- 
ital data is started in accordance with the line start 

15 position previously determined and said scanning 
light beam is turned off after completion of the writ- 
ing of said line of digital data. 

6. An apparatus for writing onto a media using a scan- 
20 ning light beam, comprising: 

a scanning light beam for projecting a scanning 
path on a writing plane for receiving a photo- 
sensitive media for writing thereon, said scan- 
25 ning path having a start position and an end 

position; 

a first detector positioned in said scan path 
after said start position for detection of said 
scanning light beam; 

30 a second detector for positioning in said scan 

path at a point after said first detector for detec- 
tion of said light beam, said second detector 
being spaced a predetermined distance from 
said first detector, said first and second detec- 

35 tors producing an output signal in response to 

said scanning light beam passing over said first 
and second detectors; 

means for noting a reference point when a par- 
ticular relationship occurs between the value of 
40 said output signals produced by said first and 

second detectors; and 

means for generating a line start signal in 
response to said reference point and for com- 
mencing writing with said scanning light beam 
45 based on said photosensitive media. 

7. An apparatus according to claim 6 wherein said 
output signal measured by said first and second 
detectors in response to said light beam passing 

so over said detectors comprises the voltage or cur- 
rent produced by said first and second detectors. 

8. An apparatus according to claim 6 further compris- 
ing a controller for turning on said scanning light 

55 beam for writing on said media in accordance with 
the line start position previously determined and for 
turning off said scanning light beam after comple- 
tion of the writing of said line of digital data. 
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9. A method of monitoring and/or calibrating a writing 
system, said writing system having a scanning light 
beam which projects along a scan path having a 
start position and an end position on a writing 
plane, a first detector positioned in said scan path 5 
for detecting said scanning light beam and a sec- 
ond detector positioned after said first detector in 
said scanning path for detection of said light beam, 
said second detector being spaced a predeter- 
mined distance from said first detector, said method w 
comprising the steps of: 

turning on a scanning light beam and moving 
said scanning light beam along said scanning 
path at a first power level; 15 
monitoring a first output signal measured by 
said first detector in response to said scanning 
light beam passing over said first detector; 
noting a reference position when said first out- 
put signal reaches a predetermined value and 20 
generating a pulse signal based on said refer- 
ence position; 

changing the power level of said scanning 
beam to a predetermined second level in 
response to said reference position; 25 
measuring a second output signal measured 
by said second detector in response to said 
light beam passing over said second detector; 
comparing the said second output signal of 
said scanning light beam with respect to a pre- 30 
determined reference value and making an 
adjustment to the power level of said scanning 
light beam in accordance with said predeter- 
mined value. 

35 

10. An scanning light beam writing apparatus, compris- 
ing: 

a scanning light beam which projects along a 
scan path having a start position and an end 40 
position on a writing plane; 
a first detector positioned in said scan path pro- 
ducing a first output signal in response to said 
scanning light beam passing over said first 
detector; 45 
a second detector positioned after said first 
detector in said scanning path for producing a 
second output signal in response to said scan- 
ning light beam passing over said second 
detector, said second detector being spaced a 50 
predetermined fixed distance from said first 
detector; 

means for monitoring said first output signal 
produced by said first detector as said scan- 
ning light beam passes over said first detector; 55 
means for noting a reference position when 
said first output signal reaches a predeter- 
mined value and generating a pulse signal 



based on said reference position; 
means for changing the power level of said 
scanning beam to a predetermined second 
level in response to said reference position; 
means for measuring said second output signal 
produced by said second detector when said 
scanning light beam passes over said second 
detector; 

means for comparing the value of said second 
signal of said second detector with respect to a 
predetermined reference value; and 
means for adjusting the power level of said 
scanning light beam in accordance with said 
predetermined value. 
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